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I?S«*mBINAM' SKA MQXJ:C13XJSS AKP THSIR DSE IN PRODUCING 
g#t;cyuRM> GEKES fOR mHAN FIBROBLAST IKTERFSROTv 



TBCHH2CAL FIELD OF XNVEimOK 



This invention relates to racambinant DNA molecules and 
their use in producing struct-ural genes for hixman fibroblast in- 
terferon* The recombinant DHA jnolecules disclosed herein are 
characterised by DNA seguences that code for polypeptidas whose 
aaiino acid sequence and conpositian are substantially consistent 
with human fibroblast interferon. 

BACKGROm?© ART 



Two Classes of interferons ("IF") axe known to exist. 
Interferons of Class I are small, acid stable (flyco) -proteins 
that render cells resistant to viral infection (A. Isaacs and 
J. Lindenssann f "Virus Interference 1. The Interferon", froer. Royal 
Sog, Ser. , B» , 147, pp. 258-67 (1557; and W.E. Stewar-t, II, The 
Interferon System > Springer-Verlag (1979) (hereinafter "The Inter- 
ferpn Systexs "? ) . Class II IPs a.re acid labile. At present, they 
are poorly charscteriged. Although to some extent cell specific 
<The interferon Sygteffi , pp, 13S-4S) , IFs axe not vires specific- 
Instead, IPs protect ceils against a wide spectrum of virases. 

Two antigenically distinct species of Class 1 human 
interferon {"HlF") are known to exhibit IF activity- One IF spe- 
cies, fibroblast interferon {"F IF" 3 » is produce<3 upon. appropriate 
induction in diploid fibroblast cells. J%.nother IF species^ leuko- 
cyte interferon ("Le IP") is produced together vith minor amounts 
of F IF upon appropriate induction in huraan leukocyte and lympho- 
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blastoid calls. Both are heterogeneous in regard to size, pre- 
stsaably because of the carbohydrate moiety. F IF has been exten- 
sively purified and characterized {E. Knight, Jr.^ "Interf sronj 
?arifieat.ion Sn& Initial Charsctsrisation item H'oman Diploid 
Cells", Proc, Hstl. Aead. Sei, OSA > 73, pp. S2D-23 (1976)). It is 
s glyco-protein of about 20,OOO itsoleculBr vreight {H. Wiranowsks- 
Stewart et al. , "Contributions Of Carbohydrate Moieties To The 
Physicsl knd Biological Properties Of Htraan Leukocyte ^ Lympho- 
folastoid And Fibroblast Interferons", Abst. Ann. Meeting Jmer... 

sflts amino acid coisposition has been detersiined {£. Knight, Jr. 
at al . , "Hustan Fibroblast Interferon i Asiino Acid Analysis /4nd 
Ajaino-Tfirsinal Amino Acid Se^juence" , Science , 207, pp. 525-26 
C19S0) } . Slucidatioa of its amino acid sequience is in progress. 
To date, the amino acid sequence of the NHj teminus of the mature 
protein has been reported for the first 13 amino acid residues: 
Met~Ser-Tyr-Asn-Leu-Leu~GIy-Phe-Leu-Gln-Arg-Ser-Ser. . . {E. Knight, 
et ,ai* > su^ra ) . Two distinct genes, one located on chroriosome 
2, the other on chromosome 5, have been reported to code for F IF 
{D.L. Slate and F.H. Ruddle, "Fibroblast Interferon Xn Man Js 
Coded Sy Two Loci Sn Separate Chroaosoaes" , Cel l , 16, pp. 171-80 
C1S7S)] . 

X,e IF has likewise been purified and characterired. Two 
cosiponents ha%»e been described, one of 21000 to 22O0O and the other 
of 15000 to 18000 molecular weight (K.C. Zoon, et al. , "Purifica- 
tion Aiid Partial Characterization Of Human Lymphoblastoid Inter- 
feron*', Pro£^_Natl,j_A^ 76, pp. 5601-605 (1919}), h 
portion of the asiino acid seguence of IF has also been deter- 
mined, 1;. e » ,, 20 ajELlno acids froa the aisiino tersiinus of the mature 
protein CK.C. 2oon et al. , "Assino-Tenainal Sequence {^t ^he Major 
CoRiponent ^f Haman Lymphoblastoid Interferon" , Science, 207, pp. 
527-28 {1980)5, A cc^parison of the initial amino acid sequence of 
F IF and Le IF reveals no detectable homology within the first 13 
ar^ano acids. The total amino acid compositions of the two species 
are also distinct. In addition, degradation of the sugar residues 
of the two species by periodate indicates that the carbohydrate 
structtire of thte two IFs is different (H. Wiranow.^a-Strewart et_al^, 
supra ) - 

The two species of KIF have a number of different proper- 
ties. For example, anti-huiaan hs IF antibodies are less efficient 
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afsinst F IF and anti-sera to hiimaB F IF hax^g no acti'«'ity against: 
hissaji Ls IF {The Intsrf eron Syst.aro , p- 151) &n& IT displays a 
high degree of scti%'"itj* in sell cultures of bovine, feline or 
porcine origin whsress F JF is hardly active is those calls but 
has been reported to be actii'e in rat cells (P. DBC-Goiran et al. , 
"Studies Sn Vlrus-Xndsjced Interferons Produced £y £he Huiaan Amnio- 
tic Mas^rarie And White Blood Cells", Arch. Gef, virus ^rsch. , 
34, pp. 232-43 (1971)). In addition, the two IFs result from 
different HsiJKA species (and therefore froas prestsnable different 
structural genes) that code for pols-peptides of different prisRary 
sequence (R.L. Cavalieri et al. , "Synthesis of Hxis^an Interferon by 
Xenopus laevis Oocytes: Two Structural Genes for Interferon in 
Husian Cells'", grog- Satl. ftead- .Sci> USA , 74, pp. 3287-91 (1977)). 

Although both Le and F IFs occur in a glycosylated foras, 
reittoi'al of the carbohydrate lOQiety {P,J, Bridgen et al. , ""Hraiajn 
lyinphoblastoid Interferon", J. Biol. Chm. , 2S2, pp. S5S5-87 
{1S77)} or sji^thesis of IF in the presence of iniiibitors which 
preclude glycosylation {W.E. Stewart, II et al . , "Effect of Gly- 
cosylation Inhibitors On The Production And Properties Of Hujaan 
Leu>;ocyte Interferon*, Virolo^v, 97, pp. 473-76 (1979)? 
J, Fujisawa et al. , "Konglycosyiated Mouse L Cell Interferon Pro- 
duced By The Action Of Tunicamycin* , J. Biol. Chero.. , 253, pp. S677- 
79 {i$?S); E.A. Havell et al. , "Altered Molecular Species Of Huroan 
Interferon Fraduced In The Presence @F Inhibitors Of Glycosylation" , 

J. Biol. Chent.^, 252, pp. 4425-'27 (1977) f The Interferon System , 

p. 181) yields a sssaller fans of IF which still retains most or all 
of its IF activity. 

Both F IF aisd Le IF laay, like isiany human proteins, be 
polymorphic. Therefore, cells of particular individuals may produce 
IF species within each of the aore general F IP and Le IF classes 
which are physiologically similar but structurally slightly diffe- 
rent than theCciass of which it is a part. Therefore, while the 
protein structure of the F IF or Le IF may be generally well- 
defined, partictslar indi^'iduals aay produce IFs t.hat are slight 
variations thereof. 

IF is usually not detectable in normal or healthy eells 
(The Interfagon System, pp. S5-57) . Instead, the protein is pro- 
duced as a result of the cell's exposure to an IF inducer. IF in- 
ducers are usually viruses but »ay also be non-viral in character, 
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stich as nat-ursi or synt±ietic dot3i>le~strandea ENA., Inttracellular 
saicrobeSf isicrobial products and various chemical agents. Numerous 
attempts have been la&de to ts^e advantage of these non-viral in- 
ducers to render huiaan cells resistant to viral infection {S- Baron 
and Tlt&nzsjii {eds,} , Texas Reports C>n Siolpgy tod Medicine , 35 
C^Xexas Reports"), pp. 52S-'4D (1577}). These atteispts have not been 
very suGoessful. Instead, \3se of exogenous IF itself is now pre- 
ferred. 

As an antiviral agent, HIP has been used to treat the 
followingj respirstory infectioris ; Texas Resorts , pp. 486-9S) ; 
herpes stmplex keratitis (Texas Reports , pp. 497~500f R- Sundi&achar , 
"Exogenous Interferon in Eye Diseases", International virology , IV , 
The Hague, Abstract nr- K2/li, p. 99 (1978)3? acute hemorrhagic 
conjunctivitis (Texas Reports < pp. 501-10) ; adenovirus keratocon- 
jttnctivitis (&, Romano et ^ al . , ISM Memo I-AS131 (October, 1979)}; 
varicella zoster (ye xas Reports , pp. 5li-lS}j cytonjegalovir«s in- 
fectioji (T&x&s Reports , pp. 523-27)? and hepatitis B (Texas R eports , 
pp. 515-22}. See also The Inter|erpn^ System , pp. 307-19, In these 
■fcreatjaents F IF and Le IF aay display different dose/response curves 
However, large-scale use of IF as an antiviral agent requires larger 
aiaounts of HIF than heretofore have been available. 

11 has other effects in addition to its antiviral action. 
For sxassple, it antagonizes the effect of colony stimulating factor, 
inhibits the growth of hemopoietic colony-forming cells and inter- 
fers with the normal differentiation of granulocyte and itsacrophage 
precursors (Texas Reports , pp. 343-4§} . It also inhibits erythroid 
dif f erentiatian in DHSO- treated Friend leukemia cells CTexas Reports 
pp. 420~2§} « Some cell lines may be considerably more sensitive to 
F IF than to Le IF in these regards {S- EinhorS' and H. Strander, "Is 
XnterferoG Tissue-Specific? - Effect Of lussan Letikocyte And Fibro- 
blast Interferons On The Growth Of Lymphoblastoid And Osteosarcoma 
Cell Lines*, J. Gen, '^irol. , 35, pp. 573-77 {1S77) r T. Kuwata et 
al . , *CoJaparison Of The Suppression Of Cell And Virus Growth la 
Transformed Himan Cells By Leukocyte And Fibroblast Interferon" , 
J. flen. %^irol. , ^3, pp. 435-39 (1979)). 

IF may also play a role in regulation of the ijnmtine res- 
ponse. For example , depending upon the dose and tlse of" application 
in relation to antigen, IF can foe both iisaunopotentiating and insau- 
nosuppressive in vivo and in vitro ( Texas Rgports , pp. 3S7-69) , I«*^ 
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In sdditior., specif ica.liy sensitized lj't:^hocytas kave been obser- 
ved to produce IF after contact witb antigen » Such antigen-lnduced 
IF could therefore be a regulator of the issmune response, affecting 
both circulating arstigeB levels and expression of cellular ijjmiinity 
(Texas Reports, pp. 370-74), IF is also known to enhance the 
activity of killer Ij'ntphocrytes ana aiitibody-dependent cell-J«e<ii^ted 
cytotoxicity (R.E. Herbensan et al. , "Augxoentation By Interferon 
Of Hmnan Natural And ABtibodyrDepenaent Cell-Mediated Cytotoxicity " , 
Nature, 27*7, pp. 221-23 (1S79),- P. Beverley and D. Knight, "Killins 
Co.'ses Saturally", Na ture , 278, pp. llS-20 (XS79} ; Texas Reports , 
pp. 375-80; M. Lucero et al. . , "Induction And Kinetics Of Natural 
Killer Cells in Hus'.ans Foilowtng Interferon Therapy" , Nature , 2S2 , 
pp. 417-19 a97&); S. Einhorn et__al_., 

Acta Hed. Scand. , 20, pp. 477-83 {1S7S)) . Both faay be directly or 
indirectly Involved in the Irrsiunological attack on tumor cells. 

Therefore, in addition to its -use as a htjmark antiviral 
agent, HIF has potential application in antittsiaor and anticancer 
therapy (The Interferon System , pp. 319-21 and 354-99). It is now 
known that IPs affect the growth of many classes of tiimors in many 
animals (The Interferon System , pp. 292-304). They, like other 
anti-tULmor agents, seeas saost effective when directed against small 
toaors. The antitumor effects of animal IF are dependent on dosage 
and time but have been demonstrated at concentrations below toxic 
levels. Accordingly, nmtierous investigations and clinical trials 
have been and continue to be conducted into the antitumor and 
anticancer properties of HIFs. These include treatssent of several 
malignant diseases such as osteosarcaaa, acute myaloid leukeiaia, 
siultiple myeloma and Hodgkin's disease {Texas Reports , pp. 429-35), 
in addition, F IF has reoently been shown to c%se local tmnor 
regression wiien injected into sx^bcutaneous tumoral nodules in 
rselanoiaa .and breast carcinoma-affected patients (T. Neicoto et al . , 
"Husan Interferons And Intralesional Therapy 6f Melanoaa And 
Breast Carcinoma", Amer. A sgoc. For Cancer Research , Abs nr. 993, 
p. 24 S C1979)}. Significantly, some cell lines which resist the 
anticellular effects of Le IF resaain sensitii'-e to F IF. This 
differential effect suggests that F IF may be usefully ejnployed 
agaxnst certain classes of resistant ^pussor cells which appear 
under selective pressure in patients treated with high doses of 
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dependent on dosage and time but have been demons txa ted ^ 
at concentrations below toxic levels. Accordingly, 3* 
nijaerous investigations and clinical trials have been an^ "o j^" 
continue to be conducte3 into the sntitiaasor and anticancer i i 
properties of HIFs. These irsclude trsstjaent of sever al ^ _S 

aaXignaitt SiseaEss such as osteosarcoma, acyte myeloid »^ ^ 

leukemia, multiple ssyeloaa ajsd Hodgkin's disease f Texas ^ 
Reppij^t^ pp. 429*35) ♦ In addition, F IF has recently 
been shown to camse local t«mor regression when injected 
into stibcutaneous tumoral nodules in melaiioiaa and breast 
carcinoaa-af f ectad patients (T. i^erooto et al . , /sfsww 

Significantly, sase cell lines which resist the anti- 
cellular effects of !« XF remain sensitive to F IF* This 
differential effect suggests that F IF jaay toe usefully 
ejKployed acfainst certain classes of resistant tumor cells 
which app^&T/wS^ s,elective pressure in patients treated 
with high dofte s jr£\ Le IF Ku vata et al . , ^* A, 

Creasy et al . A s<S^a| t4^<rnrM T-fnni . '^ , n , ^nr §.f T.-n.^.rair-gffT rftp s'' „ 
n* Acad* Sci . , fyabbiri.r.^.cij:,,! m .i nlnir^ (F^? 5 ) ) > Altho\jgH the Ot*4^«. 
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results of these clinical tests are enccsir aging, the 
antituiaor and anticaitcer applications of HIF have been 
severely haa^jered by lack of an adequate stipply of purified 
HIF. 

At the biochemical level IFs induoe the fcrssation 
of at least 3 proteins, a protein kinase CB, Lebleu et ^,al . , 
"Interferon, So\itele-Stranded RKft. And Protein Phosphorylation 
Froe. HatX. Acad. S ci. _^,OSA. 73, pp. 3107-11 (19?6) ; A, G. 
Hovanessiaa and I, M. Kerr, "The (2 '-5') 01igoadenylate~ 
ippp A2 '-SA^'-S'A) Synthetase ^nd Protein KinsseCs) ^rovs 
Interfexon-Treated Cells", Eur. J. Bioeheni. , 93, pp. 515-26 
{1973)), a {2*-5'}oligo{A) polyraersse {A. G. Kovane^tsiaii 
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coj^rises the steps of producing a siKgie-stxaxided CSA copy 
(cDHk) of a purified messersger RKA CnJmA) tesspl&te for the 
desired protein; converting tbe cSUK to dotible-stranded DNA; 
liiikiBg the DM to an appropriate site la ain appropriats 
cloning vehicle to foras a recostsbinant DSA molecule and 
trsiisf orsiing an appropriate host with that recombinant DJ^A 
Rjolecule- Such transformation may permit the host to 

Le IF {C. ^^eissmanr. et_jl,. , Seminar, Kass&chusetts Institute 
of TechjiDlog;^'', January 16, 1980). in adSition, reconshinant 
DHA technology has been employed to produce a plasmid said 
to contain a gene segaence coding for r IT (T, Taniguchi 
et al.. , "Construeticin -4n<3 Identification 0£ ^ Bacterial 
Plasnjid Containing fhe Human Fibroblast Interferon Gene 
Sequence", ?goc. Japan A-cad/ , ^^C^^^^^' ^^'^"^^ (1979) . 

However, in neither of the roregoing has the 
actual gene seq-uence of F IF been described and in neither 
has that ssguence been coispsred to the initial amino acid 
s^eauenee or asiino acid composition of authentic F IF, The 
W asiO 'fl'maTii fi work is directed only to l-e IF, whi' is h " i.ts dis- 
tinct qhealeali-^ biological and ijomuno logical*^ Ci^^ X 

V F IF {cf. supra ) . The t gani^g.^ i eh'i yi<ii<iw.lt..s.-ajs^ based solely 
on hybridisation data. These l^-t^s^data do not enable 
one to determine if the selected clone contains the complete «c4 

— ;""!3^hiS tei^uenceif or F IP orlt^sef* the f gene secruence will be 
able to jaa" " e » t pc.04sc &d in bacteria. Hybridisation only 
establishes that a particulax DHA insert is to some extent 
homologous with and compleraentsry to a laEHA coaponent of 
the poly {A) iUiA that induces interferon activity when in- 
jected into oocytes. Moreover, the extent of the homology 
is dependent on the hybridization conditions chosen for the 
screening process. Therefore, hybridization to a isMiA 
component of poly (A) RHA alone does not demonstrate that the 
selected DHA sequence is a sequence which codes for F IF 
or a polypeptide which displays the immunological ,or bio- 
iogieal activity of F IF. 
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DISCLOStJRE OF TEE im'SHTIOS 

Th© present invention avoids the uncertainties 
refarraia to by providing at least one rfioombtnant DKA 
Bjolecule characterized by a structural gene whose nucleo- 
tide sequence is substantialXy consistent with the known 
amino acid composition and se<3aences of authentic r IF. 

By virtue of" this invention, it is therefore 
possible to obtain a strucfciiral gene that codes for a 
polypeptide whose amino acid sequence and coJEposition is 
substantially consistent with authentic ? XF. Replication 
of these genes in appropriate reoojisbinant Dli^ usolecule-host 
cDKsbinations permits the proauotion of large quantities of 
these genes. ?hese genes are useful, either as produced in 
the host or after appropriate derivatization or modification, 
in ccsEpositions and methods for detecting and improving the 
production of these products theisselves««4 *« tf>A»***' 

£> 

BRIES DSSCRIPT ION OF THS DRAWING S 

Figure 1 is a scheiaatic outline of one embodiment 
of a process of this invention for preparing a jaixture of 
recombinant DHA moleculss, sosse of which are characterized 
by inserted ONA seguences that characterize this invention. 

Figure 2 is a schematic outline of the initial 
clone screening process of this invention. 

Figure 3 is a schemat^ic outline of one ensbodtment 
of a clone screening process using DKA sequences prepared 
in accordance with the invention. 

jriguxe,,£2^s a restriction m.^'<ff^ox%& of the 
clones of the/dJi"rentionf the sbsolji€e position of &&r:ti 
restrictioi/site in this clone i^s not been determined. 
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S^qp.'snce —h linaar array of nucleotides 
connected one "to th.6 other by phosphodiester bonds be-tween 
the 3' and 5* carbons of adjacent pentoses, 

Coiion "—A DKA sequence o£ tliree nucleotides Cs 
triplet) which encodes through mSNA an aicino acid? a 
translation start signal or a translation terainstion 
signal. For exasplef the nucleotide triplets TTA., TTG, 
CTT f CTC, CTA and CTG encode for the amino acid leucine 
{"Lea") , TAG, TAA and TGA are translation stop signals 
and ATG is a translation start signal. 

Reading Frarae — The groiiping of oodons during 
translation of mRNA Into asiino acid sequences. During 
translation the proper reading frame must be maintained. 
For exaiEsple, the sequence GCTGGTTGTA&G may he translated 
In three reading frames or phases, each of which afforiis 
a different aaino acid sequence: 

act Om TGT AAG — -Ala-GlyCys-Lys 
^ £22 SIS AG— Leu-Val-Val 
^ 222 TTG TAA G — Trp-Leu- (STOP) 
Polypeptide -- -A linear array of araino acids 
connected one to the other by peptide bonds between the 
a-amino and carboxy groups of adjacent airsino acids. 

Genome-- The entire ONA of a cell or a virus. 
It includes Inter alia the structural genes coding for 
the polypeptides of the substance, as well as operator, 
promoter and rtbosome binding and interaction seguenees , 
i^oiudiiig sequences such as the Shine-Dalgarno seguences. 

Structural Gene — A DNA segaence which encodes 
through its template or snessenger RNA {"njEHA") a sequence 
of asilno acids characteristic of a specific polypeptide, 

~ yranscripteion '^-The process of producing mRNA 
fros! a structural gene. ^■^ 

Translation — "The process of producing a polypep- 
tide from juRKA, 

Expression — The process undergone by a struc- 
tural gene to produce a polypeptide. It is coaibination 
of transcription and translation. 
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Plssmia -'-'A nonchrcsnosossal aotsble-s trended DNSi 
setjuene© comprising ars intact "raplicon® such that the 
pla^sid is repllcsted isi a host cell. When the plasmid 
Is placed within s unicell-ular orgacisffi, the chaxacteris'- 
tics of that organism may be changed or transformed as a 
rastilt of the DHIi. of the plasmid. For exaisple, a plasstid 
carrying the gene for .tetracycline resistance (Tet } 
traiisfonas s cell pre\*iously sensitive to tetracycline 
into one which is resistant to it» A cell transfonsed by 
a plasjnid is called a *transf onsant" . 

Phage or Bacteriophage — Bacterial vir«s many of 
which consist of DUA sequetices encapsidated in a protein 
envelope or coat {''capsid") . 

Cloning , Veh-iele —-& plasmiilf phage DNA or other 
DK& sequenced which able to replicate in a host cell^ 
characterized by one or .a small Rurober of endonuciease 
recognition sites at si>i»#h such DNA sequences may be cut 
in a detenainable fashion without attendant loss of an 
essential biological function of the 0fa,, e.g. , replication^ 
production of coat proteins or loss of promoter or binding 
sites * and which contain a marker suitable for use in the 
identification of transformed cells, e.g. , tetracycline 
resistance or acipicillin resistance. A cloning vehicle is 
often called a vector. 

Cloning -"-The process of obtaining a population 
of organisias or DNA sequences derived from one such 
organisis or sequence by asexual reproduction. 

Recombinant DHA Mole c ole or Hybrid dna — A 
molecule consisting of segments of Dm frosj different 
genomes which have been joined end-to-end outside of 
living cells and have the capacity to infect soaie host 
cell artd be maintained therein. 

Express ion Control S equence — A seguence of 
nucleotides that controls and rsgTilates expression of 
structural genes when operative ly linked to those .genes* 
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Referring now to Figure 1? i*?© have shown titer ein 
s schematic outilae of one gsssbodijaent of a process for 
preparing a mixture of recojEbinant DNA molecules, some of 
which include inserted DKA segaenees that characterize 
this invesitioa. 



FIBROBLAST IKTSKrERON ml^A CF IF gi3^'?&) 

The HHA used in this inveation was extracted from 
hmsan VGS cells ^ a diploid fibroblast cell line which can 
bs propagated in nionoiayer calturss at 37*C, Smres^E-es^si is 
produced in these cells on induction with poly {I, C) .««dP* »n 



^cycloheximide . 

For a typical RNA isolation, each of 20 roller 
bottles of diploid V3S cells in confluent nsonolayer were 
"prissed" overnight with 100 units/ml F IF and the cultures 
induced for 1 h with lOO wf/al poly CI, C} and 50 af/ml 
eyclohexisilde, incabated with cycioheximide C50 yg/sil) for 
4 h, harvested by scraping into phosphate-buffered saline 
and spun down» The cells were lysed for IS min at 0*C 
f^PtWE^to rexaove the intact nuclei containing the DNA and 
to isolate the cytoplasaiic^RtJA by snspending them in hypo- 
tonic buffer (Io'h Tris^Gl/ oH 7,4) .10 mM SlaCl and ,1.S isM 
M,=l,, a,. aa.in, to »=cl«i .... r»ov.. ^ 

pelleting in a Sorvall SS-34 rotor for 5 min at 3CX>0 rpn, 
Bodlxm dodecyl sulphate|snd £02*^ were addesi to the super- 
natant to 1% and 10 aM, respectively, and the mixture 
esetracted 5 times with 2x vol/'of 1:1 redistilled phenol 
and chlorofona-isoasByl^t?^ ilcohol {25 :13 , the aqueous 
phases containing the RNA being separated by centrif^tgation 
in a Sorvall ss-34 rotor at 8000 rpm for 10 siin after each 
extraction- The Rl^A was precipitated froas the aqueous 
phase by addition of l/io vol 2 M soditna acetate (pH S.l) 
and 2.5 vol j>/^thanol. Usually, 60 to 90 of total 
cytopiasffiia RNA w«s obtained per roller bottle. 
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Other procedures to esctract the cytoplesjaie iiKA 
have also been used. For e^jassplSf the cells vjere totally 
lysea after homogatiizatioa in 0.2 M ^ris4:if{'pH S.£^ 50 eiM 
SaCl, 20 m SX>Tk and 0,5t ^l^^sf-'«i«i'i^®5*4^-s^^ 
extracted with phenol-chlorof ore as above or the washed^ 
ceils were suspended in 400 til 0.1 U NaCl, 0.01 .H Tris-^l/'^l 
(_pB 7.^, and 0.001 M EDTA ("NTS buffer") and 2-5 rsl 4 H 
g\3Snidinii33E-'isotMocyanafce and 1 M g-mercaptoethanol in 
20 mH sodium acetate {pH 5.0) were sdded and the cells 
hoiaogenized, The lysate was layered on a 1.3-ml S~? M 
CsCl cushion i» a BecksBsn Ti nitrocellulose tube, 

spun for 17 h at 390O0 rpm to pellet the RNA ana separate 
it frcsa DNA, proteins anji lipids and the RNA extracted once 
with phenol-chloroform (Reynolds et_al, , "Interferon 
Activity Produced Sy Translation <!^f HuiEaia Inter feroa 
Messenger RNA JLn Cell-Free Ribosoaal Systems (4nd Xn 
Xenogus Oocytes " , Prog, j^atl. Aea g. Sc i OSA, 72, pp. 
4881-8^7(1975) jXHoser st_al. , "Characterisation «^ 
Interferon Messenger RHA proia Huitsan L^TOphoblastoia 
Cells", j.^^^%n.,,, yirol. , 44, pp. 231-34 (19?$)). ^ 
The total miK was assayed £oxrf~^' -^^S^ fay 
injection into the ci'toolasm of Xenopus laevis oocytes 
and oetemin*K^ j^the i!Wt^«4^^»m^ activity inauced therein 
{Reynolds et al . , sypra ) . The assay was conducted by 
dissolviaf the BKA in water and injecting about 50 vl 
into each oocj'te. The oocytes were incubated overnight 
at room temperature in Earth jseditm (J. Gurdon, 



J. ^ JEanhry ol.. Ex g ^er .^^^^ Morphol , , 20, pp. 401-14 (196S)), 

homogenized in part of the ssediim, the debris reitsoved 
by centrifiig&tion, and the F IF activity of the super- 
natant deterssined. Detection of F IF activity was by' 
redaction of virus-indaced cytopathic effect {W. E. 
Stewart and S- E. Sulkin, 



Proc. Soc . Ex p. Biol. Med. , 123r pp. 650-S3' (1966) ) . The 
challenge virus was vesicular stomatitis virus {Indiana 
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strain) and the cells were husaas diploid filsroblasts 
trisosiic for chromosome 21 to afford higher I* IF sensi- 
ti.'rity. F IF sotivity is expressed relative to the IF 
raference standard 69/19. . 

Foiy CA) KilA containing F IF sUNA was isolated 
fros the cytoplasjslc by adsorption to oligofdT}- 
eellulosa (type 7? Biocheiaicals) iri 0.4 H KsCl, 10 iri4 



I'ris-CinpH 



7. a, 10 laM SDTA and 0.2% & em» <8 i Ri dg eg-ey ^ ^-s-gt 



p**€rt!^£or 10 min at r&os! teKsperatura . ilNA aggregation was 

isinimized by heatirig the for 2 min at 70*C prior to 

adsorotion. After washing the cellulose with the above- 

xagntiorjed baffer, the poly (A] RNA fraction was eluted 

With 10 m Tris-<:i (pH 7.8), 1 mM FDtA ajid 0.2% saa*«Kr-^ 

4® ^ .s« ca ;tji'' O ttl- |»feaife e--fl'" It usually cotnprised 4-5% of the total 

RKA, as measured fay optical density at 2 SO nm. 

A further purification to enrich the polyCA} 

RKA in F IF rtjRKA was effected by f ormaside-sucrose 

gradients {T. Pawsois at__al . , "The Sise of Rous Sarcoma 

X^irus mRHAs Active in Cell-Free Translation", Nature , 268, 

pp. 416-20 (19775). These gradients gave siuch highsr 

resolutioR than nondenaturing sucrose gradients. 

Usually about SO poly !A) RKA was dissol%'ed in 50% 

formaaide, lOO tsM LiCl, S ^ WTk, 0-2% s^4«58~4©dsM5j*5r^ 

s«45*«tf^ Mid 10 HiH Txis4:i ipB 7.4), heated at 37*'C for 

2 ffiltt to prevent aggregstlor. ajjd loaded on a 5-201 sucrose 

gradient in a Beckmaji SM~60 Ti polyalloiner tube. After 

centrifugation at 20'C for 4 1/2 h at 60000 Tpm in the 

14 

Bec)csia» SW-60 Ti rotor with total C-labeled eukaryotis 
RHA serving as size sharkers, the gradient was fractionated 
and the optical density of the fractions waf^^eteritsined. 
All BIJA fractions were precipitated twice with 0.5 H NaCl 
and 2.5 vol ethanol and assayed for interferon siENA 
activity as described above. 

Alternatively, the oligo {dT}-adsori>ed »RNA 
(60 vq) was fractionated by electrophoresis in. a 4% 
polyacrylamide gel in 7 H urea, 0.1% » eet-i.mft- . .. e i !y4« cy'£' " .s mplr 
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CX^KXHGOr DOUBLE-- STRMgED mK 



k wide T&riety of host/cloninf vehicle coiabinations may 
be eispleyed is closing the double-stxanded cDSA prepared in accor- 
iiaiice with tliis indention. For exasjple, usefal cloning vehicles 
siay consist of se$wents of chrosaoscsaaXf non-chromosopal and Kyn- 
thetic P&h sequences, such as various known derivatives of SV^O 
and knowT* bacterial plasmids , e .g. , plasiaids frors coli inclu- 
ding col £1, pCSl, pBE322, ptiBS and their derivatives, wider host 
range plasittids , e , c . j EF4 , phage DSA, e^^, the r-'oxaerous deriva- 
tives of phage A e.g. , NM 989, and other DNA phages, ej^£^, H13 and 
fd, and vectors derived fross combinations of pi&ssiids and phage 
SKAs such as plasmids which have been modified to employ phage t>NA 
or other expression control sequences or yeast plasmids such as 
the 2 ii plasraid or derivatives thereof, Useful hosts say include 
bacteriai hosts such as E. coli HE 101, S. coli Xl77$, E, cqII 
X2282, £. eoli MSCl and strains of Pseudomenas , Bacillus subtllis > 
Bacil lus s tearothermophi las and other bacilli, yeasts and other 
fungi, anissal or plant hosts such as anisaal (including hujsan) or 
plant cells in culture or other hosts. Of course, not all host/ 
\'ector cQHsbinations may be equally efficient. The particular 
selection of host/cloning vehicle combination may be made by those 
of skill in the art after due consideration of the principles set 
forth without departing froirs the scope of this invention. 



various sites roay bs selected for insertion of the double-stranded 
These sites are usually designated by the restriction ende-r 
nuclease which cuts them. Far exainplej in pBR322 the Pst I site is 
located in the gene for fi~lactaicsase, between the nucleotide trip- 
lets that code for ajsino acids 131 and 182 of that protein. 
This site was employed by C. Weissmann et al . , supra , in their 
synthesis-of polypeptides displaying an iHsraunological or biolo- 
gical activity of L/XF. One of the two Hindll endonuc lease, re- 
cognition sites is between the triplets coding for amino acids 
101 and 102 and one of the several Ta g sites at the triplet coding 
for araino acid 45 of S-lactamase in pBR322. In similar fashion, 
the ScoRI site and the PyuII site in this plasaii, lie outside of 
any coding region, the .EcqRI site being located between the genes 
coding for resistance to tetracycline and aijipicillin, respecti^si^C. * 



y. This site was employed by T. Taniguehi et a.l> , supra , In 



Furthenaore, within each specific cloning vehicle. 
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their recoasisinaBt sj'iithetic scheme- These sites are well recog- 
nized hf those of skill ir. the art. It is, of course, to be ar,- 
derstoofi tiist a cloniiig ■vehicle useful in this invention neeti 
not have- & restriction endonuclesse' site for insertion of the 
chosen Dm fragment. Instead, the vehicle could be joined to the 
fragiaent by alternative means , 

The vector or cloning vehicle and in particalar the 
site chosen therein for attachment of a selected DKA fragment to 
form a recombinant ONA molecule is detenrdned by a variety of 
factors, e>g. , number cf isites susceptible to a particular res- 
triction Bmymm, size of the protein to be expressed, suscepti- 
bility of the desired protein to proteolytic degradation fay hose 
cell &nzym.BSf contamination of the protein to be expressed by 
host cell proteins difficult to reiiiove during p-urif icat.ion , ex- 
pression characteristics, such as the location of start and stop 
codons relative to the vector sequences, and other factors re- 
cognised by those of skill in the art. The choice of a vector 
and an insertion site for a particular gene is detensiaed by a 
balance of these factors, not all selections being equally effec- 
tive for a given case. 

Although several methods are known in the art for in- 
serting foreign into a cloning vehicle or vector to form a 
reconsbinant jsoleoule, the method preferred in accordance with 

this invention is characterized by digesting the plasmid {in 
particular pBS,322) with that restriction enzjTne specific to the 
site chosen for the Insertion (in particular Pst I) and adding dA 
tails tD the 3' terrain! by terniinal transferase. In sijailar fas- 
hion, the doufole-strandsd cDNA is elongated by the addition of dT 
tails to the 5' terxaini to allow joining to the tailed plasmid. 
The tailed plas3Jiid and cDKA are then annealed to insert the cDKA 
in the appropriate site of the plasmid and to circularise the 
hybrid DN^, the complementary character of the tails pens! t ting 
their cohesion (Figure 1) . The resulting reoojsbinant Dim molecule 
now carries a gene at the chosen^restrlction site (Figure 1) . 
This method of dA-dT tailing for insertion is described by 
D.A. Jackson et_ al. , Biochemical Methods &r Inserting New Gene- 
tic Information Into DHA ^f Simian Virus 40 : Circular- SV40 DNA 
Molecules Containing Lambda Phage Genes ^nd The Galactose Operon 
M Sseherich ia col it Proo. Ka tl . Acad. Sei. USA , 69, pp, 2904- 
1*509 {1972) and R. Devos et al. , supra. It results in aisout 3 
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prepared. .Again, only a very few of -these clones will contain the 
^ gene for FX? or fracjja&nts thereof {Figure 1) . The oref erred host, 
in accordance with tiiis invention is E. coll BH 101. 




Preparation of ystl-'Cleaved, d€?IP-elongats d pBR322 




Plasmid pBR322 {; 



was digested 

eBdoniiclease {J^ew England Eiolabs) in I ' S- a -'r i 10 M\ Tris-HCl {»H 



to 

I •vol ohenol and ■Sr^ vol 



mixture was extracted S'«4sa.«&.l--.6*s»«f« with 
ether and precipitated with 2.5 vol ethanolj .^Wtw-w ^.^e"^*^ i&in^' 

Addition of hofflopolymerie dA tails (Figure IS h-^ ter- 
ntiaal deoxynucleotidyl transferase (TdT) {purified according to 
lit Chang and F.J» Bollum, Deoxynacl80tide-^l>'meri2ing Enzymes 0f 
Calf ThjiRus Gland", J. 3iol. Chem. , 246, pp. (1971)} was 

dons In a SO«tjl reaction voiuitie containing 0.14 M potassium caco- 
dylate, 30 S5?5 Tris-HCl (pH 6.8) , 1 asM C^SO^ , 0.2 yg/ul heat-in- 
activated bovine serus albnmin, 0.8 jtvM DTT, 0.2 Wi dATP and some 
B-^^P-dATP. Incubation was at 37 'C for S min before EOTA was added 
to lO ffiH and SDS to O.I % and the mixture extracted with phenol 
and ohroroatographed on Sephadex G50 in T£ buffer. The void frac- 
tions, containing the linearized and elongated pBH322, were fur- 
ther purified by adsorption in 10 eiM Tris-KCl (oH 7.8) , 1 inM EDTA 
and 0.4 M S3aCl to oligo^T^cellulose. After extensive washing, the 
desired fractions were eluted with 10 mH fris-HCl CpK 7^) and 
-.1 £DTA. 



2» Preparation of dT~elongated 



Dotifole~stranded DKA was elongated with dTMP residues in 

si mi lar fashion to that described above for dA tailing of »SR322, 

~ 3 32 

except that dTTF and soiae H-dTTP replaced the dATP and a~ P-A7P, 

Purification on oligo^Tj cellulose was, of course r omitteir. \s 

before, the dT-elonoated DNA is a fixture of different soecies, 

only a very few of which are IF-related (Figure 1) . 



3. Prepara tion of Ca -Treated S.coli HBlOl 



Ca -treated E.eoli HBlOl was prepared by the method of 
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S.H. Lederberc and S,K. Cohen*" , ^-s^j-spf «^**t»»fev qp %ii_ILllSll^ T;„;l..r 

J, Bactgriol. i 119, pp. 1072-74 {3.974} by inoculati.ng t±ie E.eoll 
HBiOl (a.gift froB H. Boyer) irsto S sil S*B roedluis (10 parts bact.©"' 
tryptone, S parts yeast extract and 5 parts K&ci per liter) and 
cultures growD overnight at 37*0, The fresh cultures were diluted 
1/100 in 20 xrd LB roeditna and grown to a density of about 2 x 10 
bacteria per jkI, quickly chilled in ice and pelleted at 60O0 rpm 
for 5 min in a Sorvsll SS34 rotor at A'^C, The cells, kept at 
0-4 were washed with 20 ral 100 vSi KgCl^, repeileted by centri- 
fu^atior^ and sust>ended in 10 ffil 100 laM CaCl^. After 20 min in ice, 
the cells were repelleted and resuspanded in 2 ml lOO aM CaCl^and 
maintained at CC for 15 min. Aligaots {200 ul) , supplemented 
with glycerol to 11%, could be stored for se^'eral laont-hs at^fiO*" 
without loss of activity {D.A. Morrison, "Transf orsiation in 
Escherichia eoli : Cryogenic Freser^'ation Coiapetent Ceslis", 
J. Saeteriol.. , 132, pp. 343-51 (1977) }, 

4 . ATOeallng of dA~elqngatsd pSR3 22 and dy--eIong2ted DI^ 

The vector's and DMA insert's costplementary dA~ and dT- 
tails permit annealing to fore, the desired hybrid plasmid or re- 
coKibinant DNA isoiecaie. For this purpose * ths dA- tailed Pst X- 
cleaved pBR322 vector and the mixture of sized dT-tailed cBKAs 
were dissolved in TSE buffer {10 laH Tris-HCl {pH 7.6), 1 at^j EDTA, 
100 jrM NaCI) to l.S yg/issl plasffiid and to a molar ratio of plasmid 
to DHA insert of l.S to 2,©* After heating to 65*0 for 10 min, 
the citxture 'sras cooled slowly to room tensperattjre over 4 h. 

Th« product is, of course, a large laixture of different 
recoEsbinant DSA saolecules and some cloning vehicles without In- 
serted DNA seguenees. However, each recoisbinant DNA H!oIecule con- 
tains a cDNA segment at the Pst l site. Each such cDNA segment taay 
couiprlse a gene or a fragment thereof. Only a very few of the cDNA 
segments code for FIF or a portion thereof {Figure 1). Th->>: v^.st 
aajarity code for one of the other proteins or portions thereof 
whose laKNA's were part of the poly{A5 RNA used in the process of 
this invention {Figure: 1) . 
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Transfeetion Of E.coXi ^^^^^^ With The AnneaXei3 Hybrid 
ssids 



- P3 contaiEsaent iasilities were used for -the txansfection 
process and all subseqiient steps in which the result-ing transfor- 
med bacteria were handled, ^liquots {90 ul or less) of tiie above 
mxture wsre cooled to and 1 H CaCl, added to 0.1 li. Allguots 
{100 ul or less) of this solution were added to 200 ul Ca 
treated £. coli HBIOX ±n ice and sftar standing at 0*^0 for 30 r.in, 
the cells were heat-shocJCfed for 5 min at 37 *C anfi cooled again at 
0*C for iS mxn. After addition of 2 ml LB-iseditiis, the cells were 
incubated at 31 In a shaking water bath for 30 to 45 sin and the 
bacterial suspeBSion plated otit onto ^-2^% agar plates, containirig 
LB medium suppleinerited with 10 yg/jnl tetracycline. 

Since plasjsid pBR322 includes the gene for tetracycline 
resistance, S. call hosts which have been transforiaed with a plas~ 
jsid having that gene intact will grow in cultures containing that 
antibiotic to the escclusion of those bacteria not so trans forsned. 
Therefore, growth in tetracycXlne-containing culture perjsits se- 
lection of hosts trsnsf orjtied with a recorrljinant CKA Bsolecule or 
recyciized vector. 

After 24 h at 37*'C, individual colonies were picked and 
suspended in 100 jjI LB taedlum { supplejnented as above) in the wells 
of microti ter plates (Dyriatech) , After incubation at 37 *C over- 
night, 11 yl dissethylsulf oxide were mixed into each well and the 
trays sealed with adhesive tape. The plates were stored st ~20*C 
and a library of 17,000 Individual clones of transformed E. cpll 
HBlOl was prepared. This library was derived from 270 fitioles 
(128 ngjr . dT-^ tailed cDNA inserts, which in turn were synthesited 
froa 4.4 gradient purified polyfA) RNA. About of the clones 

of this library (band on representative fractions) were sensitive 
to carbanicillin {a more stable anspicillin-^erivative) . Therefore, 
about §81 of the library contained a plasmid hax'ing an insert in 
the Pstl-site of the g-lactaroase gene of pBR322 only about^ 2^ 
contained a recyclized vector without insert. 

These 17,000 clones contain a variety of reconbinant 
DNA molecules representing complete or partial copies of the mix- 
ture of EiRNAs in the poly {A} RHA preparation from FIF'-prodticing 
cells (Figure 2) . The majority of these will contain only a single 
recombinant SNA molecule. Only a very few of these recombinant 
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DNft molectjles are related to Accordingly, the clones mns 

screened to sepsxate the FIF -"related clones from the others. 
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SCHSENflKG FOR A CLOSE CONTAINING , r ITcDKk 



i \ J- There are several approaches to screers for bacterial 

r"^ < C- defies comtaining cE»KA.4-S.sss©s«^*^ Thsse inclufie, fOi 



4, 



.„ , sxaisple, RNA selection hybridization iAlwina et ai.? 3.n£ra ) , 
^ . _ 

« f w differential hybridization Se. John and R,«. Davis, "Isoia- 

V c if 

^» OH*^ tion of Gaiaetosa-Xnducible DSA Sequences from Saccharonsycas 

^ -r^X Cerevisiae ■% Cif f erential PXagae Filter HybridisstloR" , Cell , 16, 
I^C'pp. 443-452 jys-es'^-^a'^jii^a^.s--..^^ hybridization 

i| J with a synthetic probe iB* Koyes et. al. , "&etection /4xid Paxtiai 
4 Sequence Analysis Bf Gastrin mHNA Ey Using An Oligodeoxynucleo- 

"5 I 3 tide Probe", Proe. ?iiatl. Ae&d. Sei. ITSA , 76, pp. I77D-i^4 {1979}) 

^ w or screening for ciones that produce the desired protein by iiriKitjn~ 



olDgicaij^(&.C. Y. Chang et al , ,j^*AaHra) assays. We have chosen RNA 
selection hybridization as bein^ the asost convenient and proisising 
roethoS for. primary screening, [ -r- ^e* j • i 

RKA Seleetior. Hybridisation Assay j 



Overview Of The Initial Assay 



Referring now to Figure 2 , ^recombinant DUA^^wes isolated 
irons a culture of a mixture of about 46 clones sensitive to car- 
benicillin resistant to tetracycline from the above library 

of ciones (two mixtures of 2 clones shown in Figure 2) {Step A) . 
fhe recombinant DtJA molecules were cleaved ^--«ewsrfe*Aee« and hybri- 
dised to total RNA containing F IFmRNA prepared as before (Step B} . 
All rscofflbinant DHk molecule »-total HNA hybrids ,were separated from 
the non-bybridi^ed total RNA !Step C) . The{t^tal RKA was recovered 
froffl the hybrids and purified {Step D) . The recovered RKA was 
assayed for F IFsRKA activity as above (Step E) . If, ansi only if, 
the ssixture of recofsbinant DNA aeiecales contains a recombinant 
PKA saolecule having an inserted nucleotide sequence capable of 
hybridizing to the F IPiaRJEA in the total HHA^, under stringe^»t hy- 
bridisation conditions, will the mMNh released frojt that hybrid 
cause the forff.ation of F IF in oocytes, because aiRNA released from 
any other recombinant SKA ntolecyle-'tot.al RJSA hybrid will not be 
F IF-related. If a group of 4 6 clones gave a positive response, 
t-he clones were regrouped^at« 4 W*s of 8 and 2 l««s of 7|, and 
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aach isi* J&ssayed as before « This process was cont,inued uatil a 
single clone responding to this assay vas idsnti.£ied. 

there Is no , asstnrsnce that the recombinant DSA sole" 
c«les 8b4 bacterial <s4?#«e|t;ransf osmed ther awl th^, which are tiius 
identified, contain ths complete F IFcDSA sequence of F IF or . 
even that "th® £>NA sesjsaence actually codes for E IF. However, 
the racoffibin&nt 0K& molecules will certainly contain extensive 
nuoleotide sequences CDnsjsleisantary to thM F IFaRNA coding se- 
quence- Therefore, the recojsbitiant DUA isolecule m&j at least be 
used as a source of a probe to screen rapidly other recombinant 
DHh jaolecules <md clones transformed with thess to identify fur~ 
ther sets of clones which may contain /an authenti_c|and complete 
F IF nucleotide coding sequence. Tk^^'^^jt^cs^^ f^^-e^ ^ et^4J^?W^^ 

2. * Execation Of The In itial Assay ^ ia««,-«««^«»-^ t!!*!-^^ 
™~™ ^|w*-*< 

Step A - Preparation Bf tJhe Recombinant DSA Molecule 
Kixttira 

Replicas of a nslcrotiter plate containing 9B clones frois 
the above library of clones were made on LB-agar plates, one con- 
taining 10 ug/ml tetracycline and the other suppleroented with^^ 
100 ug/ml earbenicillin. In this taanner^two sets of a.taout 4S^clo- 
nes, resistant to tetracycline and sensitive to earbenicillin > 
were picked and grown |^o^rnig^ at 37''C in lOO ml LB mediunt, con- 
taining ID ug/ml tetracycline. These cultures were pooled, spun 
down in a Sorv'-ail GS-3 r^tor at SOOO rpe for 10 ain, washed twice 
with TES buffer (50 Tris-Bcl (pH 0), 5 rnM SUTA, -5 mH UaCl) and 
resuspended In 40 tal TES per 1 of initial culture voluae. The 

cells were lysed with lysosyme-Triton X~1D0 { K, Kahn et al»^, 

" fl^Smi^ CU.,m2 \}e^»t.Ws ^t.ve^ f^»^ ri^*'-'<-*2 Coig/^ ftiK A^A R^^^', 
in Method s of Ensymolo'gy , 68, ; Reeoiabinant DHA CR. Wu, ed.) 
{19805 in press). Forty ml of the TES suspended cells were com- 
oined220 ml 10 % sucrose in 50 Tris-HCl CpH 8) and lysozyiss 
to 1.3 mg/ml and allowed to stand at room temperature for 20 min. 
To this suspension were added 1 ml 0.5 K EDTA-KaOH (pH 8), 8 ml 
0.2"% Triton X-100, 2S rsH EDTA. 50 m Tris-HCl (pK 8) end the 
lysis completsd at raoas temperature for 30 isln. Cellular debris 
and fflost of the chromosoisal DUk were removed by pelleting in a 
Beckmann SW27 rotor at 24000 rpa for 4S aiin. The supernatant was 
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pooled is IcSr ccasblaed with 1/3 vol 40 % polye-£iiylene glycol 
SOOO »- 2 M n&Cl and allowed to stand avernight at O^C- Xfag re- 
suiting pracipltate was coliecrted in a SorvaXI EZ4 xotar at 5000 
rfss for 10 ain at 4*C axtd dissolved iu tSS buffer. The SDlutAon, 
witls 0-2 vol lO sag/al ethidiusi brosiSe {$btv&} and CsCl zs> 1 g/al, 
■sf&s centrlfuged its a BscSoaamj R60 Ti~rotor at: 4OCX50 rpm f or &z 
least 48 h, one pclyalloiaer tube tissislly being sufficient for tii« 
lysata from 1-2 1 of orlfinal cnltvx& voixase, Two UUk bands could 
be Visualised Is the tube DV-ilXuaination. 5he band of blghest 
density corresporids to plssmid fona X DNA, the second band corres- 
ponds to form XI a»d fone III plassaid t)Kft.s &Bd some chroaosossal 
CHA. The first baM was out from tiia tube, ^thidiiim bromide re~ 
Bioved by six isoaisi'l alcohol extractions , and the aqueous phase 
^^^dil^ted with 3 vol water-suppleajented with up to 0.2 H sodium 
srms'&sr ipS 5.1) before DfJA precipitation with 2.5 vol ethanol. The 
DNA was rsdlssolved, extracted with phenol and again precipitated 
with ethaiiol. The quality of the DMA was^^^onitorejf by electropho- 
resis on a 1% agarose gel in 5^*4 . ^^///^ ?»f"2* Z***-*^ 
fethidium bromide staining/^ If the PUk .s9.»*)t*A4-frt;rfwas consaKinated ^ 
vith 'form 11 or ferxa III DHAs, it was further purified by neutral ^ 
sucrose-gradient ceatrifugation*: 300 uq in 10 mM Tris-HCl 2. 
(pH 1.6} and 1 sisM EEfTA Was loaded on a 3€*mi 5~20% suorosegradieat 
in 10 2sH Tris-HCl (pB 7.6), 1 jbx SDTA, 1 H J^aCl, csntrifuged in 
polyallomer tubes for IS h at 24OO0 rps in a BeckJsajm £W2?-rotor 
at 1S°C aisd the DKA containing fractions COD^gj^) pooled and pre- 
cipitated with sodiujs acetate-ethanol. 

Step 8 - Hybridization 0f l&e DKA With'Jotal HNA 

M>out ISO uf WSAf thus prepared, was corabined with some 
32 

uniforaly labelled P-m&tk&x OKA and 2 «g pSTNV-1 DKA {a recom- 
binant plasjsid containing a full size oDKA eossy of satellite to- 
bacco necrosis virus CSTm") -miA; J. van Essnelo et al. "G^tt^v-tt ^- g 

as internal control, snearea by son! cation in aii HSE sonicator «md 
precipitated with sodlusi scetate-ethanol. 

A diasobenzyloxymethyi {DBM) -cellulose solid aatrix 
jcf ...f <7.C. Alwine et_alj^, "Method for Detection Of Specific RHAs 
In Agarose Cels By Transfer To Biazobenzyl Oxymsthyi, Paper and 
Hybridization «itli DNA Probes", Proe. Katl. Acad... Sc.i. OSA, 74, 
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pp. S35D~54 {1S?7)} w&s prspaxsd sccordiag to the method of 

HetAod in gnaymologyf $8; Raeotabin&nt OMa {R. Wu, ad.) (1980} 
(is pr&s^i . For & paper JsmtrlXf s sheet of Whatman 540 paper vas 
evenly soaked In S-S sil 1" £ift-nitrobex52yioxy)saet.l3yl pyridixiiuiB 
chloride JHBPC/BOBI^- 0.7 sil sodium acetate . 8 ul 

vater p«r cs , inciabated at 60*C until <lry ani for a furt-her lO 
ffiin, &nd b&Jted at 13013S*C for 30-40 laln- Aftsr wasJiiuf several 
tiaes with watsr (about 20 Jci-u) > 3 tisses with acetone (about 20 
ain) ajid dr^'-ing, th& paper vas incubated at 60*C for 30 min in 
0.4 ml 20^% sodium dithionite-water with occasional shaking . The 
paper was again washsd four tiiaes witi^ water, on ce with 30% ace- 
tic acid for 5 isiB aisd fo«r tis^es with water, /trans ferrefi/f or 30 
is ln at O^C /to 0.3 ml per cm ice-cold 1.2 M HCl to whi ch XO mg/ro p 
^^ ^fresh KaKO^ had been added iisaediately before ns^ and wa&hef3 
twice quickly with ice-cold water and once with SOS diraethyl 
sulfoxide (spectrophotometric grade, .Marck)^ -^20% 25 mM sodixim 
phosphate !pH 6.0). For a powder siatrix essentially the same pro-' 
cedure was followed using Kicro grajinular cellulose powder {What- 
raan CC31) , the qyaKtities belsg escpresBed against the correspon- 
ding weight of the cellulose jaatrix. 

Initially, we used a powder laatrix faecause the capa- 
city for bXndiag was higher^ so relatively saialler volumes for 
hybridisation, washes and elutlon could be used. Subsequently, we 
used a paper matrix for individual clone screening. Use of paper 
permits efficiiant elutlon with water which pro%'ed superior for 
the later a««ay of F XFrnKKA . /-^^ f^) 

Tim SKA {50-100 n^, f««»»«pi#p«r 3" 4 prepared above 
was diasol'raiir iai 25 S!*c:sodiv»iPhosphat8 £pH 6.0) heated for 1 ^^^^^^^^j^j 
chilled and four vol DfiSO added. Coupling to the matrix {50 »g|or 

'""""a^ disc {20 sm dia. j) usually proceeded over s weekend at 4*C with 

i 

continuous lalxing. The volume of the ONA was kept rather ^ma 11 to 
allow close contact with the matrix and thereby en.^ance efficient 
coupling C5f the DNA to the jaatrlx. After coupling # the matrix was 
washed four times with water /*four tisaes with 0.4 N JJaOH at 37*0 
for 10 mirj each, again four times with water at room temperature 
and finally twice with hybridization buffer {SO^S fonaajtide (delon- 
ized. Baker}, 40 mM piper aslnfe-S,N' -bis (2 -ethane sulfonic acid) 
{pE 6.4] ("PIPES*', Sigjaa) , 1 mM EDTA, O.fi K KaCl ana- 0.1 \ SDS) at 
4 C. CoTJpling efficiencies were measured by P-radloactivity . 
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Twenty total RHA, prepared as before, &n6. So ng STNv- 
PJSA were dissolved is 250 yl {50 ul Sot paper matrix) hybrid! sa- 
tton btjffer and added to the DSA coupled matrix. The sa&trix was 
heated to 70*C far 2 Biin s.nd held at 37 "c overnight with gentle 
isixing * 



Step C - Separation Of Hybridised Total RI'IA-DNA Fros) 
Hon-Hybridised Total RHA 



After esntrif ugation of fete- powder matrix , the 
unhybridized HJJAs were r^oved &nd the matrix washed seven tiaes 
With fO,2S isli^SOl fQonaxtside, 10 inH PIPES (pH 6.4) , 1 mM SDTA, 
0.3 M EaCi and 0.1% SDS, the lower salt content of these washes 
destabilising non-specific RNA-DKA binding, Sach wash was follo*^' 
^ed by centrlfugatlon and resuspenslon of the matrix in the 
buffer. For S'jbseguent assay, the first wash was pooled with the 
unhybridized DNA {"Fraction l**} and washes 2-4 ("Fraction 2") aar**—^ 
i^ti^it*- 5-^ ("Praction 3^) were pooled. In ^^*oar« hybridization^to a paper 

matrix, a slisiilar procedure was Swmi'wei-Ecd except that f1Jater~~' C'^y'^^ 
Lwas used for each wash. 



Step D - Purification Of Hybridized Total RNA 

The hybridized total RHA-DMA was eluted froa^^ &b« powder 
matrix with 9O0 ul 99% forsiaide, 0.2% SDS at 70*C for 2 ain and 



J chilled ijj ice {A.G. Siaith, personal co!Bxr,unlcation) . The hybrized , 

^ total RNA-Di!A was eluted from fcfsre paper matrix byflOO ul of ice <^ 

cald"water and^two ISO yl water elutions at SO*C for 2 jain. For 

subseguent assay these elations and the 100 yl wash were pooled 

{"Fraction 4"} . 

To one-half of each fraction, 0.1 calf liver tRHA or 

ribosoflial RNA were added (Fractions lA, 2A, 3A and 4A] and to the 

other half"8 vg eakaryotic poly (A) RSA or ribososal RKA 

added {Fractions 11, 2B, 3B, 4B} . The fractions were{pre<:^pi*tat®^ «^ 

A 

by the addition of O.S M KaCl and 2.S vol ethanol to remove traces 
of formamide and other impurities. 

S tep g ~ Determination Of F IFisRHA Activity a 

Fractions Iht 2h, 3A and 4A were translated in^nuclease- 
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"An Efficient aJ^-wependent Traaslatisa Systm for Retiealocy-te „ 
Sar . J . I f ioehm » f 7, pp. 24?-S§ {i§?S|)if^!n the presence 



3S 



|3ature, 227, pp^ SBO™ itT" {1§70) , and autoradlog raphed . Ccsmparison 
of the SXFV-SNA trajis Istion product;® is Fractions 2Ji a.n«i provide 
&n indication of the effisiemcy of hybridisation and ItKA degrsda- 
tion ia the process, f^sctions IB, 2B, 3B and MB isJ-ere dissolved in 
2 water and assayed in ooerytes for f IFisKSA content as described 
above. 



3. St3^saquent •» aybridiga tion. To Nitrocfe llu lQse, Sheets 
Sciae subsequent assays of individual clones were done on 

" Hue! e i e Aeids Has . , 6, pp. lAlS'iHf^ The I>NA was dissolved 

in 2K K&Cl and 0.2 K KaOB, heated at 200*C for 1 sin, ahiiled, and 
spotted on detergent free Millipore f iltexa {pore size 0»45 uffi? 
1 jsra dia.). The filters were baked for 2 h at 80*C, washed in 0.3 M 
NaCl, 2 mM SDTA, O.jCS SDS, 10 JsM Trts-HCl (pH 7,S) and drie%' at 
rooJS tperature. The RNA was hybridized for 3 h at il^C in 30% for- 
»ajaide, 0.S M NaCI, 0.4% SDS, 2 esM EtSSA, SO xtsM PIPES (pH 7.55. 
Byforidixation was stopped by diltitlon with 10 vol 0.1 M NaCl and 
the f lltexa,^ wexa washed several tijsaes ia IS ml H SaCi* 0.11 

SPS, 2 m. 10 s« Tris-HCl CpB 7.S) by shaking at 45*C and 

several tlaiss in the same solution^ Without SDS at 4°C, Slution of 
the hybridised mSi-DMX vas effected in 30 ul S xt*! potassiua chlo- 
ride at 100 *C for 1 min. 



4. Results Of The J^jt^ Selection H ybrid i sation A s say ; 

r 

Sixteen groups of about 4£ clones were screened J&roup«8 
A-P) . In six Of the groups. Fraction IB contained the only F IFsaSNA 
activity, in eight of the^ groups no F IFaRHA was detected and in 
two groups f Groups C asi&^p) F IFmBHA was observed in Fraction 
The positive assays are refKsrted in the following 'format log- 
arithJS of F IF units {calibrated against reference standard SS/19) , 
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assav of Fraction IB {backgrcuBa.1 i assay of Fraetioa 4B. 

A 



Group Fractiors IB Fraction 4S 

C - 1.0 O 

D.S 0«5 
0 0.2 
0 0 0 

0.2 0.5 



Group O vas subdivided Into 5 S'obgroupsj^O^ to Ogsffour of eight 
clones and two of sevas clones) arsd hybridised and assayed as 
before, except, a 400 rol culture per clone was used. The subgroups 
gave the following results, presented in the saae fonaat as above 



Subgroup Fracti on^ I S Fraction 4S 

0 1.2 

0 1.5 

0 0.5 

0 0.5 

0-2 0.5 

o I. a** 

O2 0.1 o 

O-5 0.7 O 

0.5 0 

0^ 0 o 

O.S 0 , _ 

0, O 0 



m DPM paper method 



Sttbgroup Oy^&B subdivided into its individual clones {designated 
"cionSs^l*^) and hybridized and assayed as before, except a 7uO ml 
culture per clone was used t 

CiB*^ Fraction IB FraetiDn 43 

O^j,^ 0.2 O 

0.7 0 

1.0 0««^ 
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Fraction IB 



Fraction 4B 



'1/2 



1/3 



■^i/4 



1/S 



1/6 



^1/7 



1/8 



1 5 

•St f & 

0,7 

1.2 
ivO 
1.2 
X « 

1.2-- 
1,2 
1.0 
1.2 

0.7 
0.7 
X.O 

0.7 
i.O 
0.5 

0.5 
1.2 

< 0,2 

O 

< 0.2 

0 



o 

0^ 
0 

0.2^ 
1.0(7)' 

o 

o 

0 
O 

o 

O 

o,s 

1.7 
1. 
0. 
1,0 



m 
m 



n DPH paper jaethod 

nn Httxocellulose sheets 

Therefore f clone Oj^^g contains a recoabinant SNA taolecule capable 
of hybridizing F IFmRSA from total RHS. containing F XFstRNA. Non- 
specific RliA-DHA binding is imlikely, becaase a comparisonw^^xac- 
tions lA and 4A revealed substantially no non-specific binding^ 
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